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by V. A. Krasnopol'skiy 

SUMMARY 
Two components have been i s o l a t e d  during t h e  n igh t  

one of them con- sky f l a r e  observed on AES "KOSMOS-92": 
s t i t u t e s  a p ropor t iona l  enhancement of a l l  t he  s tandard 
components of atmosphere luminescence; t he  second apparent- 
l y  inc ludes  a y-system of NO bands and the  a t tending  rad i -  
a t ion .  The ques t ion  of t he  probable source of these  e m i s -  
s i ons  is discussed.  

* 
* *  

The u t i l i z a t i o n  of spacec ra f t s  made poss ib l e  t h e  s tudy of n igh t  airglow 
i n  t h e  middle W-region. The f i l t e r  measurements on AES "KOSMOS-45" [l] have 
shown by means of t h e  broad material obtained,  t h a t  t h e  n igh t  sky emission i n  
the  i n t e r v a l  1800 - 3500 A is  extremely s m a l l  and does n o t  exceed 30 Rayleighs. 

Local spectrophotometr ic  measurements on rockets  [2 ,  31 allowed us t o  iden- 
t i f y  the  n igh t  sky emission i n  the  2500 - 3500 A i n t e r v a l  with t h e  Herzberg 
bands 0, and a l s o  t o  show t h e  very low level  of emission i n  the  s h o r t e r  wave 
region. I n  another rocke t  experiment [4]  t he  a l t i t u d e  p r o f i l e  w a s  obtained of 
t he  very weak glow observed i n  t h e  1800 - 2500 A i n t e r v a l .  It w a s  found t h a t  
i t  is d i s t r i b u t e d  wi th in  t h e  125 - 175 km l a y e r ,  w i th  maximum a t  t h e  a l t i t u d e  
of 140 km. Mentioned as poss ib l e  sources  of glow w e r e  [4] t h e  Vegard- Kaplan 
molecular n i t rogen  bands, a longside with those of Layman-Birdge- Hopfield, 
and the  6-, E- and y-bands of n i t rogen  oxide.  

The s tudy of n i g h t  a i rglow w a s  pursued on AES "KOSMOS-92" i n  t h e  1800 - 
6000 A i n t e r v a l  [5] .  The method appl ied ,  a longside wi th  the  p e c u l i a r i t i e s  of 
t h e  instrumentat ion used, are descr ibed i n  d e t a i l  i n  t h i s  las t  work [SI ,  w i t h  
t h e  va lues  of mean i n t e n s i t i e s  (rayleighs/A) i n  seven s p e c t r a l  i n t e r v a l s  f o r  
each of t he  12 o r b i t s  during which measurements w e r e  conducted, compiled i n  
Table 1 (columns 1 - 7). The pass  band f o r  t h e  3914 A f i l t e r  i s  shown i n  i t ,  
whi le  t h e  d a t a  f o r  t he  5577 A f i l t e r  are converted t o  t h e  l i n e  [OI], ,  and 
brought ou t  i n  ray le ighs ;  
- i. The negat ive  i n t e n s i t i e s  i n  t h e  reg ion  1800 - 2500 A could have a r i s e n  only 
on account of e r r o r s  a t  s u b t r a c t i o n  of readings i n  d i f f e r e n t  l i g h t  f i l t e r s ,  and 
cha rac t e r i ze  the  level of these  e r r o r s .  

the va lues  of Ii mean t h e  i n t e n s i t y  i n  the  i n t e r v a l  
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A s  may be  seen from Table 1, t h e  mean i n t e n s i t i e s  on o r b i t s  5 - 12 change 
l i t t l e  from o r b i t  t o  o r b i t  and coineide with t h e  r e s u l t s  of ground obervst ions 
i n  nea r  and f a r  u l t r a v i o l e t  regions [ 7  - 91, and wi th  sa te l l i t e  and rocket  da t a  
i n  t h e  middle UV region of t h e  spectrum. However, a s i g n i f i c a n t  i n t e n s i t y  in-  
,crease is observed on t h e  o r b i t s  1 t o  4 i n  a l l  wavelength ranges and pa r t i cu la r -  
l y  i n  t h e  W. 

The de tec t ion  of a s i g n i f i c a n t  emission level i n  the  i n t e r v a l  1800 - 2500 A 
succeeded f o r  t h e  f i r s t  t i m e ,  This f l a r e  w a s  r e g i s t e r e d  by us a t  a l l  observat ion 
po in t s  (+50° l a t i t u d e )  and thus had a g loba l  cha rac t e r ,  which i s  a l ready  in t e re s -  
t i n g  i n  i t s e l f .  The region of observat ion included t h e  e a s t e r n  h a l f  of t he  Paci- 
f i c  Ocean and the  ad jacent  regions of SE A s i a  and Aus t r a l i a .  The f l a r e  w a s  ob- 
served on 16 October 1965 from 0830 t o  1500 hours UT. It w a s  a t tended by an ex- 
cessive rise i n  l i g h t  f i l t e r  3914 A ' s  readings and, t he re fo re ,  could no t  cons t i -  
t u t e  a low l a t i t u d e  aurora .  Nor could i t  be  r e f e r r e d  t o  t h e  s o  c a l l e d  clear 
n igh t s  [ 9 ] ,  which i s  
wave p a r t  of t h e  spectrum. Unfortunately,  w e  f a i l e d  t o  uncover a simple and di-  
rect l i n k  between t h i s  f l a r e  and t h e  o the r  geophysical phenomena. I n  order  t o  b e  
a b l e  t o  make any assumptions on t h e  na tu re  of emissions a t  f l a r e  t i m e ,  w e  s h a l l  
i n v e s t i g a t e  t h e  c o r r e l a t i o n  of i n t e n s i t i e s  i n  var ious  por t ions  of t h e  spectrum. 
The c o r r e l a t i o n  matr ix ,  brought ou t  i n  Table 2 ,  i s  computed according t o  da t a  of 
t h e  f i r s t  f i v e  o r b i t s .  

charac te r ized  mostly by t h e  p u l l  of continuum i n  the  long 



3 

. The i n t e r v a l  1 (1800 - 2500 A ) ,  whose emission c o r r e l a t e s  b e s t  with those  
of i n t e r v a l s  2 (2500 - 3150 A) and 5 (4000 - 5000 A ) ,  o f f e r s  t h e  g r e a t e s t  in- 
terest. However, i n  i n t e r v a l s  2 and 5 a s i g n i f i c a n t  f r a c t i o n  of emissions must 
c o r r e l a t e  with the emissions i n  ad jacent  p a r t s  of t he  spectrum. In  o rde r  t o  
sepa ra t e  the  remainder, which is l inked  with the  emissions i n  i n t e r v a l  1, w e  
s h a l l  in t roduce  t h e  q u a n t i t i e s  

I 5 c n  

L p  IiCP 
13  and 1 5 *  = IS - -- 1 7 ;  ( subsc r ip t  "cp" f o r  I,* == 12 -- .- L P  

"av" ) 
I~cP,  13cp, 17cp represent  t h e  averaged i n t e n s i t i e s  by a l l  convolutions ( o r b i t s )  , 
beginning with the f i f t h ,  and cha rac t e r i ze  t h e  h igh t  sky airglow i n  t h e  absence 
of f l a r e .  The q u a n t i t i e s  K2* and K5* are included i n  the  mat r ix  of Table 2.(*) 
Upon in t roduc t ion  of Ip* and I,, , t h e  former values of I, and I, o f f e r  no lon- 
ge r  any i n t e r e s t ,  s i n c e  they c o n s t i t u t e  a l i n e a r  combination of o the r  q u a n t i t i e s  
(for example, I, = I,* + cc1,). 

Since during f l a r e  a s i g n i f i c a n t  i n c r e a s e  w a s  observed i n  a l l  s p e c t r a l  in- 
tervals, the  l e v e l  of t h e  observed c o r r e l a t i o n  is r a t h e r  high. I n  order  t o  se- 
p a r a t e  t h e  cases  of good c o r r e l a t i o n  from t h e  worst ones, we compiled i n  Table 3 
t h e  depa r tu re s  of t h e  c o r r e l a t i o n  f a c t o r s  from average 

where K i  are t h e  mean c o r r e l a t i o n  f a c t o r s .  

The p o s i t i v e  va lues  A K i j  are evidence of good c o r r e l a t i o n ,  and t h e  nega t ive  
of a relative poor one; t h e  va lues  c l o s e  t o  zero  r ep resen t  an in te rmedia te  case. 

T A B L E  3 

It follows from Table 3 t h a t  during f l a r e ,  t h e  n i g h t  sky emission may be 
broken down i n t o  two c o r r e l a t e d  groups: t h e  emission i n  i n t e r v a l s  3,4,6,7,  and 
a l s o  t h e  main p a r t  of t h e  emission i n  i n t e r v a l s  2 and 5 and t h e  glow i n  i n t e r -  
vals 1, 2" and 5". 

Thus, t h e  n igh t  sky glow f l a r e  may be represented  as a propor t iona l  in- 
c r ease  of t he  usua l  n i g h t  sky components i n  t h e  considered s p e c t r a l  r eg ion  
( t h e  Herzberg bands i n  i n t e r v a l s  2,3 ,4 ,5 ,  t h e  continuum i n  i n t e r v a l s  5 ,  7 and 
t h e  l i n e  [ O I ] 3 2  5577 A) and t h e  appearance of new components ( i n t e r v a l s  1, 2*, 
and 5 * ) ,  which usua l ly  are e i t h e r  absent ,  o r  l i t t l e  developed. 
s i t y  of t h e  new components during f l a r e  c o n s t i t u t e d  250 r ay le ighs  i n  t h e  

The mean in ten-  

("1 they are the  c o e f f i c i e n t s  of 12* and Is*, c a p l l e d  i n  TABLE 1 
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i n t e r v a l  1800 - 2500 A, 150 r ay le ighs  i n  t h e  i n t e r v a l  2500 - 3150 A and 410 
r ay le ighs  i n  t h e  i n t e r v a l  4000 - 5000 A. 

I n  order  t o  i d e n t i f y  t h e s e  emissions, d a t a  on wavelengths and p r o b a b i l i t y  
of t r a n s i t i o n s  f o r  va r ious  aeronomically important systems of bands w e r e  bor- 
rowed from [ l o ] .  
t i o n  cannot be  induced by only one system of bands, even i f  w e  admit t h e  exci- 
t a t i o n  of separate o s c i l l a t i o n  l e v e l s .  The assumption t h a t  i n  t h e  i n t e r v a l s  
3150-3900 A and 5000-6000 A t h e r e  i s  a l s o  a f r a c t i o n  of unusual emission com- 
ponent, though smaller, which we f a i l e d  t o  sepa ra t e  by our own means, does not  
a l ter  t h e  essence of t h e  ques t ion .  Therefore, t h e  r e s i d u a l  emission i n  t h e  in- 
tervals 1800-2500, 2500-3150 and 4000-5000 A i s  induced a t  least by two sources 
c l o s e l y  i n t e r l i n k e d .  Then, of a l l  systems of bands considered i n  [ l o ] ,  only t h e  
system of y-bands of NO (A2Z+-+X2rl) can s a t i s f y  t h e  observed i n t e n s i t y  d is -  
t r i b u t i o n s  of 250 r ay le ighs  i n  t h e  1800-2500 A i n t e r v a l ,  and 150 r ay le ighs  i n  
t h e  2500-3150 A i n t e r v a l .  The r e a l t i v e  p r o b a b i l i t i e s  of t r a n s i t i o n s  i n  t h e  i n t e r -  
v a l s  1800-2500, 2500-3150 A are computed a f t e r  t h e  d a t a  of [ lo ]  and compiled i n  
Table 4 .  

It w a s  then  ascer ta ined  t h a t  t h e  observed i n t e n s i t y  d i s t r i b u -  

T A B L E  4 

A s  may be seen from Table 4,  t h e  va r ious  c o r r e l a t i o n s  i n  t h e  populations of 
o s c i l l a t i o n  l e v e l s  may s a t i s f y  t h e  observed d i s t r i b u t i o n  of i n t e n s i t i e s  ( f o r  
example, t h e  l i n e a r  drop of populat ions t o  zero a t  v’ = 6 ) .  The d a t a ,  a v a i l a b l e  
t o  u s ,  are s o  f a r  i n s u f f i c i e n t  f o r  a f u l l y  r e l i a b l e  i d e n t i f i c a t i o n  of emissio s 
during f l a r e ;  however, t h e  emission of y-bands i n  NO i s  most r e a l i s t i c a l l y  ex- 
p l a in ing  t h e  r e s u l t s  of t h e  experiment. 

The n i t rogen  oxide is  an important component of t h e  atmosphere i n  t h e  70- 
200 km a l t i t u d e  range; i ts t o t a l  content i s  
n ight t ime,  a comparatively small number of processes may r e s u l t  i n  t h e  exc i ta -  
t i o n  of y-bands. The processes  of NO formation as a r e s u l t  of t r i p l e  o r  double 
c o l l i s i o n s  may e x c i t e  only t h e  lower o s c i l l a t i o n  l e v e l s  of y-bands (v’ = 0,1,2) .  

and 01 1300 A, which reach i n  night t ime 5 t o  10  (k ) r ay le ighs .  However 
absorp t ion  c ross -sec t ion  foy t h e s e  emissions c o n s t i t u t e s  

2 * l O I 4  cm’2 [ l l ] .  However, i n  

The e x c i t a t i o n  of NO is  poss ib l e  under t h e  a c t i o n  of L, -emissions i n  1216 A 
t h e  NO’S 

2.5*10-’8cm’, which, 
a t  NO content i n  2*101’ cm-‘ l eads  t o  absorp t ion  of a 
emissions & 1216 A and 01 1300 A. 

The appearance i s  p o s s i b l e  of exc i ted  states i\rO 
combinat i on  

NO+ + e -+ NO (A2Z+) 4- h. 
The recombination c o e f f i c i e n t  of NO c o n s t i t u t e s  

ve ry  i n s i g n i f i c a n t  p a r t  of 

(A”+) a t  r a d i a t i o n a l  

about cm3/sec, 

re- 
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al though s o m e t i m e s  h igher  va lues  are considered [141; however, t h e  main p a r t  
of recombinations l e a d s  t o  d i s s o c i a t i o n  of NO. A t  n ight t ime t h e  concent ra t ions  
of i ons  NO” and e l e c t r o n s  of t h e  E-region of t h e  ionosphere are about equal;  i f  
we assume t h e i r  va lues  as being - l o 4  cmV3 [15], w e  may conclude t h a t  i n  t h e  
atmosphere - lo8  cm’2 sec-’recombinations w i l l  t ake  p l ace  a l t o g e t h e r .  
be noted t h a t  t h i s  quan t i ty  may s t rong ly  rise wi th  t h e  presence i n  t h e  atmo- 
sphere of E,-layers w i t h  s u b s t a n t i a l l y  increased concent ra t ion  of charged p a r t i c l e s  
(by 1 - 2 o rde r s  [16] ) .  Therefore,  i f  a few percent  of t h e  recombinations are 
r a d i a t i o n a l ,  t h e  observed i n t e n s i t y  level of y-bands of NO may be a t t a i n e d .  

It should 

Note a l s o  t h a t  t h e  continuous luminescence, marked i n  t h e  process  of rad ia-  
t i o n a l  recombination, is  concentrated mainly i n  t h e  i n t e r v a l  4000 - 5000 A. 
Thus, t h e  process of r a d i a t i o n a l  recombination expla ins  a l s o  t h e  r e s i d u a l  
glow i n  4000 - 5000’A and s a t i s f i e s  w e l l  t h e  observed d i s t r i b u t i o n  of i n t e n s i -  
t ies (400 i n  t h e  1800 - 3150 A and 410 r ay le ighs  i n  t h e  4000-5000 A range).  

When choosing t h e  glow e x c i t a t i o n  mechanism, one should t ake  i n t o  account 
t h e  f a c t  t h a t  t h e  estimates, based upon some average da ta ,  must not expla in  t h e  
high l e v e l  of emission during f l a r e .  
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